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The effect of simulated harvesting on the biomass and agar content and quality of Gelidium abbottionlm was 
investigated at Reunion Rocks, KwaZulu-Natal for the period July 1995 to July 1996. There are no previous published 
records of biomass assessment for seaweeds on the KwaZulu-Natal coast, many of which are of potential economic 
value. Seaweed samples were collected from Reunion Rocks every three months. This Included harvesting the 
seaweed using two methods, Le. 'plucking ' and 'shearing' , Biomass was assessed and dry mass values of 255-384 
g.m-2 were recorded for the period July 1995 to July 1996. No seasonal differences in biomass were found for the 
period July 1995 to July 1996. Standing stocks in commercial beds elsewhere in the world vary from 0.5-1.5 Kg.m2 
fresh mass. The fresh mass of Gelidium abbortiorum was between 0.9-1.4 Kg.m-2. Therefore, it was concluded that 
biomass was comparable to that in commercial beds in other areas of the world . Both harvesting methods had the 
effect of decreasing the biomass over the study period (i.e. from July 1995 to July 1996). It is recommended that 
'plucking' be used as a harvesting method if harvesting is to occur at this site. It is suggested that harvesting take place 
once a year either in spring (September-December) or summer (January-March). Agar was extracted and the quality 
tested, Le. gel strength , gelling temperature and melting temperature. Mean agar yields of between 17.5-36.6% were 
obtained . Gel strength of agar was measured to be between 64.9-291 .2 g.cm-2 Gelling temperatures of between 26-
34.rC were recorded. Melting temperatures of the agar were between 66-77.1°C. There was no seasonal difference 
in any of the agar characteristics. It was concluded that agar from this source could be used commercially , if blended 
with superior material from other sources. 
Keywords: resource assessment; Gefidium abbottiorum; South Africa; seaweed biomass; harvesting; agar; 
phycocolloids; agarophyte. 
*To whom correspondence should be addressed. 
Introduction 
The coast of KwaZulu-Natal , South Afr ica has a diverse marine 
flora for which little attention to management/conservation strat-
egies, excluding Natal Parks' Board Marine Reserves, has been 
paid . To date, no attention has been paid to stock assessment, 
harvesting strategies or demography of this algal resource, 
although several comprehensive studies concerning the assess-
ment of alga l occurrence and biogeography have been carried out 
along this coastline (Farrell el al. t 993 , 1994). At present, there 
is no activity (commercial or otherwise) relating to the use of the 
rich marine floral resource of KwaZulu-Natal. 
The east coas t of southern Africa is influenced by warm tem-
perate waters (LUning er al. 1990); the Mozambique Current in 
the north and the Agulhas Current in the south (Stephenson et al. 
1936). The Agulhas Current extends from Cape Agulhas along 
the southern and eastern coasts of South Africa to southern Kwa-
Zulu·Natal (Llining et al. 1990). The mean seawater temperature 
along the KwaZulu-Natal coasl is reported in the range of 17-
19°C, with ranges for the means of 19°-2 1°C in the warmest 
month and 13°_17°C in the coldest month (LUning el al. 1990). 
Published works on the marine fl ora of KwaZulu-Natal are 
summarised by: Stephenson and Stephenson (1972, on zonation), 
the taxonomic works of Norris (1987, 1990, 1992) and the bio-
geographic data analysed by Farrell el al. (1993, 1994). 
This paper describes the biomass, productivity and agar prop-
ert ies of harvested Gelidium abboltiorum R. E. Norris (Rhodo-
phyta, Gelidiales; previously C. amansii sensu Siegrief), a 
dominant, easily access ible alga of the intertidal zone at Reunion 
Rocks, KwaZulu-Natal (29°E, 21°S). This study si te was 
selected after a survey of the KwaZulu-Natal coastline. G. abbot-
tiorllm is a well known source of high quality agar (Macler & 
West 1987) around the world and is presently harvested in the 
former Transkei and from the coast of the Eastern Cape Prov-
ince, South Africa (Anderson el al. 199 1). Its potential for utili-
zation as an economic resource in K waZulu-Natal is reported on 
here . 
Materials and Methods 
Study site 
Rt!union Rocks (29°E. 2 1°S) was sdec I~d as a prac lica l slUdy site. 
being readily accessible for easl.": of sampling and. further 10 a more 
extensive survey (Aingworth 1996: Gilkspie et 01. 1997). as bc:: ing 
reasonably representalive of tile KwaZlIllI-Nalal ma ri ne fl ora. 
Sample size and number 
Oplimal quadrat size was dehmn ined as 300 x 300 mm from a mini· 
mal area curve. Sampling intensity was set at 15 quadrats sllch that 
the standard error of the mean remained bdow 15% and could be 
completed during a Ihree hour low tide pt!riod. 
Biomass assessment 
In order to estimale \\lel weight slalld ing stock of Gdidillll1 abbO/fIO· 
rum, plants were complelely remow d from thei r substmtum using a 
paint scraper, from 15 non·pl.":rlnanent quadrats (300 x 300 mm). 
laken within the GelidiwlI populatIOn. A known wet \'.'eight was 
dried to constant we ight at 700 e (Carter 1986 ). Samples were col · 
lected at 3-month intervals in order to give an indication of sl.!asonal 
variation which may occur in biomass (Rico 1991 ; Table I). A linear 
relat ionship was found between fresh and dry mass wilh all 96 % 
goodness of fit coefficient. Fresh mass va lues were dete rmined from 
Ihe equation y = 0.27x + 24.36. 
In order to facilitate comparison wi th va lues ohtained from other 
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Table 1 Seasonal collection dates of 





A llilllllll J 996 
Winter [996 
Dale of collection 
11 -1 5 July 
23- 27 Odober 
20-2.3 January 
3-7 Apnl 
30 June-4 July 
an.:as or the world. fresh mass values for biomass assessment of 
Gelidilllll ahhOltinrum at Reunion Rocks. KwaZulu·Natal wc:n,: esti-
mated frolll a cal ihration curve nf fresh mass versus dry mass. Thi s 
could he done since: a linear n::lationship was found between frc:sh 
and dr)" nmss as mentioned before . 
Va lues ohta ined from hnr vest ing experiments were c:xpresst!d as 
Illl:UlI dry mass (± standard error), Add itionally. fresh mass was eslJ-
mated from tlH.:se dry mass values. No statistical analysis was pcr-
formed on th e fresh mass va lues. 
Harvesting 
(i) Pluck ing 
G. ahhot/forum plants from IS permanent quadrats (300 x 300 mm, 
marked by brass bolts in the ruck) within the intertidal zone. were 
plucked by hand. This involved a single 'handgrab ' or 'sna tch ' of 
each tuft whil:h n:s\ll ted in removal of most upright fronds and some 
Iio idfast Illa tc ria l (Carter 1986). Measurements we re taken quarterly 
for one year. Samples wcn; dried to constant we ight at 70°C for Jry 
mass tkterrll inatiol1. 
(ii) Shearing 
From IS permnllcnt quadrats (JOO x 300 mm). marked as above. 
tu fts of 0. ahholliorum attached to the rock were cu t w ith a pa ir of 
shears to n height of approximately 10 mm above the substratum, 
avoiding damage to thl": holdJ~1sts (Carter 1986). Samples were taken 
quarterl y for one year. Biom ass from dry mass was determined as 
above . 
Agar yield and quality 
(i) Yield 
Samples of GI!I!dill lll abbottioruIn were col lec ted fo r agar analysis 
every th ree mn!1ths. Agar contl.!nt was determined from th ree repl i~ 
!.:ates using thl": ml.!thods of Oird ,lIld Hinson ( 1992) and Lemus t!t 0/. 
(1991): I () g o r ow n dried male ri nl was rehydrated in d isti lled water 
for a period of approximatdy 30 minutes. The material W<l S boi led 
linda prcssm~ ( 11 o"e 1.21 Kg.m-2) for 3 hours. The hot suspension 
was ti ttered th rough muslin cloth; the filtrate was frozen overnight 
and then thawed in tap water. Agar flock was removed by filtering 
through ti m: muslin d oth and dried a t 45°C overnight to constant 
we igh t. Agar content was ex pressed as a percentage of the dry St:a-
\'iced weigh t (Wilson 1993 ). 
(iiJ Gel quali(v 
Gel strength. rndting and gdl ing. temperatures were determined by 
add ing 0.7Sg. of aga r flakes to 50 ml distilled water a llowing thi!1n to 
stand overn ight and then heat ing us ing pressure (i.e. us ing an auto-
dave: 11 lI°e. 1.2 1 Kg.cnr2) fo r 30 m inutes (Christeller & Liang 
1989). 
A -standard ' agar \\-'as obtained in order to facilitate comparison of 
study mnteri a l with a cummercial-grade agar (Agar~agar. Batch 
38230 obta ined rrom Saarchem~Holpro Analytic Ply (Ltd): a blend 
of materi<l ls lIsed to prodUCt: a s uperi or product) . The seaweed from 
which the 'standard' agar was extracted was alkali pre-treated before 
.t05 
extraction orthe agar. i.~. it was soaked in all alkali solution at 700C 
fo r aboll t one hour before the agar was I.!x trac ted. T his n:sults in a 
lower yield (Lemlls ('I of. I Y91) but a h igh ~ r gel strength o r the agar 
(K.W.G. Rotrn<lnn pers. !.:oml11 .). 
Ge l strength was measlll"l.!d using the Kllhe or Nikkansui measur-
ing method with a Nibil gel strength instrument this l11ethtld l11l!as~ 
ures the force th at a 1.5% gd GUl withstand for 20 scconds at 20°(, 
(Wi lson \993). Gel solu tions wcre prt:parcu ns ahovc. The gel solu-
tio ns wc:re poured into I"l.!pli d ishes (3 S cm d inmetcr: I cm dee p) . 
covered and allowed 10 stand for 15 hours at 20°C. sin!.:e th.: gd is 
then at its ~trongest (Wilson 1993 ). The plunger on the Nikan appa-
ratus was 100vered ovcr the gel surface until an indentation was made 
in the gel surface. We ights wcre addl.!d sequent ially to the plunger. 
Till.! time between the nduition of the last we ight and the poin t when 
the plunge r penetrated the gel surface was recorded. 
The ge l s trength (in g.cm·~) was then calculated accord ing. to the 
equation: 
log W~o= log W + k (log t ~ log 20) (W ilson 1993) 
Where W20 = maximum \\eight that could he resisted fo r 20 seconds 
at 20°C. W = weigh t (plunger weight + added weight res isted alt iml! 
L t := time (in seconds) re~isled by gt:1 with weight Wand k = codli-
cient = 0.18. 
Gel s trength was determined fo r three rep licates. The ge lling and 
me lting temperatures were determined Ii.lr three repl icates lIsing thc 
methods of Nelson el at. (1983). Hurtado- Ponce and Umezak i 
(1988) and Luhan (1992). 
Gelling temperature 
Gel solutio ns were prepared as above. The hot agar so lu tion was 
pou red in to a glass vial and 11 Ihermometer was placed in the glass 
vial. just otf cent re . The solution was allowed to cool. Glnss beads 
were dropped in to the glass vial onc at a time. The temperature at 
\vhi ch the glass bead fa il ed to penetrate the agar (i .e. remained on the 
surface of the agar) was !.:onsidl.!rcd the gell ing temperature. 
Melting temperature 
The glass vial con taining the agnr was heated s lowly over a hUllsen 
burner. Glass beads werl.! dropped into the via l. The templ!raturc at 
which the bead dropped th roug h the agar (i.e. touched the bottom of 
the vial) was considered the mclti ng temperature. 
Statistical analysis 
AI! data were analysed using a one~v,:ay ANOY A. Sign iti cant differ-
ences were identitied llsing a Multiple Comparison Tukey test. Sys-
tat version 5.03 for DOS was lIsed for a ll statistical analysl.!s. 
Results and Discussion 
Biomass assessment 
Biomass of Gelidilllll abbOltiol"l/m was assessed for the period 
July 1995 to July 1996. Dry mass values o f 255-384 g.nr' were 
recorded (Table 002). 
Table 2 Results from biomass assessment of Gelidium 
abbotliorum from Reunion Rocks, KwaZulu·Natal for July 
1995 to July 1996 (n = 15) 
Date Mt!all dry mass (g.m-l ± SE) Fresh mass (Kg.nr 2) 
July 1995 384.01 ± 5U.49 1.4 
October J 995 275.22 ± 57.42 1.0 
January 1996 299.16 ± 64.21 1.0 
April 1996 348.26 ± 54.8R 1.2 
July 1996 255.85 ± 52.4 7 0.9 
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There was no significant difference (p < 0.05) between the 
biomass recorded from the different sampling times using non ~ 
permanent quad rats. i.e. there was no significant seasonal differ-
ence in biomass within the period July 1995- July 1996. These 
results differ frol11 those obtained for Onikllsa pristoides (Turner) 
Akatsuka ( as G prislOides) on the Cape coast by Anderson el al. 
( 1991). who indicated that there were seasonal fluctuations in 
biomass . be ing highest in late Slimmer (January- March) and 
declining in late winter (July- August) . This difference may be 
the result of tile fact that there is no major seasonal fluctuation in 
water temperature aIong the KwaZulu-Natal coast (LUning el al. 
1990), whereas the water temperatures along the Cape coast 
decrease markedly in the winter months. thereby making condi-
tions unfavourable for growth. 
Stand ing stocks (fresh mass) in commercial beds elsewhere in 
the world vary widely from a few hundred grams to a maximum 
of 1.5 Kg.nr2. In Japan, the fishing fie lds are classified as fol-
lows: exce ll ent - if biomass of Gelidiunl is above 1.5 Kg.m-:!" 
good - if standing stock is between 1.0 and 1.5 Kg.m-2, normal -
if the stock is between 0.5 and 1.0 Kg.m-2 and poor - ifbiomass is 
below 0.5 Kg.m" (Santelices 1988). According to this classifica-
t ion, fresh mass values obtained for G. abboftiorum from Reun-
ion Rocks (Table 2) ranged from normal to good for biomass 
assessment and poor to 110rmal for harvested samples (Table 3). 
Productivity 
(i) Plucking 
There was significantly less (p < 0.05) bi omass in April 1996 
( 108.91 ± 36.71 g.m") and July 1996 ( 167.21 ± 49.03 g.m" ) than 
there was at the other collection periods. Therefore, repeated 
' plucking ' of G. abbolliorllm at Reunion Rocks from the same 
area resulted in decreased productivity over the experimental 
period . A lthough the biomass in January 1996 was higher than 
that in October 1995, it was not significantly so. 
(ii) Shearing 
Permanent quadrats were subject to successive shearing over the 
period October 1995 to July 1996. Dry mass values of between 
19.30 g.m-2 and 111.79 g.m-2 were recorded using this method 
Table 3 Results from harvesting experiments of 
Gelidium abbotliorum from Reunion Rocks, KwaZulu-
Natal for October 1996 to July 1996. 'Shearing ' refers 
to samples that were collected by repeatedly shearing 
the same area at three month intervals; 'plucking' 
refers to samples that were collected by repeatedly 
hand plucking the same area at Ihree month intervals 
Treatment Date 










Mean dry mass 
(g.m" ± SE) 
t 67.25 ± 24 .0 
66.04 ± t4.2 
It 1.79 ± 40.4R 
55 .36 ± 25.26 
19.30 ± 8.66 
369.34 ± 58.4 
249.25 ± 39.84 
282.53 ± 72.34 
tOIi.9t ± 36.7 1 
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(Table 3). Biomass was sign ificantly higher (p < 0.05) in January' 
1996 ( 111.79 ± 40.48 g.I11") thau iu October 1995 (66.04 ± t4.20 
g.nr'), April 1996 (55.36 ± 25.26 £. 111 " ) and July 1996 (19.30 ± 
8.66 g.m-2). Therefore. there were no seasonal differences in the 
prod uctivity of G abholliorul11 obta ined using the 'shearing· 
method. There was no trend of decreasing productivity of th is 
method , as for 'plucking ' . 
(iii) The effect a/harvesting OIl hiolllass 
Dry mass values obtained from repeated ·plucking' of seaweed 
from permanent quadrats ill October 1995 (249.25 ± 39.84 g .Il1 -~ ; 
Table 3) were comparable to the standing biomass in Oc tober 
1995 (275.22 ± 57.42 g.m·2; Tabl e I), I.e. there was no signifi-
cant difference (p < 0.05). This ind icates that productiv ity was 
equal to standing biomass in October 1995. Therefore, harvest-
ing would be feasible at this ti me. 
In April 1996 (348.26 ± 54.88 g.m" ) and July 1996 (255.85 ± 
52.47 g.m·2l, s tanding biomass (Table 2) was signi fi cantly 
greater (p < 0.05) than that obta ined usi ng either the 'plucking' 
( 108 .9 1 ± 36.71 g.nr' and 167.21 ± 49.03 g. m" respect ively) or 
'shearing' (55.36 ± 25.26 g.nr:! and 19.30 ± 8.66 g.m -~ respec-
tively; Table 3) method of harvesting. Neither method of har-
vesting yielded a greater biomass. 
These results ind icate that both harvesting methods had the 
effect of dec reasing the biomass obtai ned. Initi a ll y, ' plucking ' 
yielded more biomass than 'sheari ng'. However, after the first 
harvesting period (i.e . October 1995), there was no significant 
difference (p < 0.05) between the two methods used. Carter and 
Simons (1987), reported the same in itial results fo r Oniklf.W1 
(Gelidium) prisloides fro m Port Alti·ed. South Africa. However. 
repeated shearing treatments of o. ( ei) "ris/aides res ulted in 
atypical prolific branching (coppicing) in the upper distal regions 
of the plants, therefore raising yields beyond that which would 
be expected from normal frond gro\Vth. However, faster 
regrowth after shearing has been reported for a number of Gelid-
ium populations (Santel ices 1988; Santos 1993). the reason being 
that plucki ng damages the hold fasts or creepi ng axes. The impor-
tance of avoiding damage to the hold fast has been stressed in 
previous studies, since damage may affect the successful mainte-
nance of harvested seawee.d stocks (Carter & Simons 1987). 
Shearing causes minimal damage to Ihe hold fast , whereas pluck-
ing carries an inherent dange r of damaging the hold fast region . 
In addition, it creates all exposed subs tratulll , therefore making 
the area free for competing spec ies to establish. This may result 
in a decreased populati on of the harvested species since competi-
tion is fac ilitated. 
Agar yield and quality 
(i) Yield 
Samples taken in July 1995 were not separated into "biomass', 
"plucked' and 'sheared' samples as this was the first collection 
date and therefore there would be no influence of harvesting on 
the agar yie ld as yet. Similarly fo r gel strength , ge ll ing tempera-
ture and melting temperature. 
(a) Biomass 
Agar was extracted from samples obtained from the biomass 
assessment of G. abbollionlJl/. Mean agar yields of between 
17.5% and 29.6% dry weight were recorded (Table 4). T here was 
significantly less (p < 0.05) agar yield in October 1995 ( 17.5 % ± 
0.05) and July 1996 (21.5% ± 0.1 2). 
(b) 'Plucked' 
Agar was extracted from samples obta ined by ' plucking' perma-
nent quadrats quarterly . Agar yields of between 22.1% and 
26.5% dry weight were recorded for samples collected by 
s. Mr. J. BoL 19n (316) 
Table 4 Results of agar extraction from Gelidium 
abbottiorum from Reunion Rocks , KwaZulu-Natal. Bio-
mass = agar extracted from samples collected for bio-
mass assessment; Plucked = agar extracted from 
samples collected by hand-plucking; Sheared = samples 
collected by shearing 
J)a{~ VickI (% dry weight) 
.lui, 1l)95 29.6 ± 0. 17 
D illlll<l.SS Plucked Sheared 
October 11)1)5 17.5 ± Ii.05 22.3 ± 0.29 36.6 ± 0.2 
,I.mum), ]996 2().5 ± 0.0] 26.5 ± O.I <J 32.5 ± 0.19 
Apr il 1996 26.0 ± 0.13 25.9 ± 0.05 21.J± o.os 
July 1996 21.5± O1 2 22. 1 ± 0. 12 32.1 ± 1i.06 
' pl ucking' IToble 4). Mean yields in July 1995 (29.6% ± 0. 17) 
and July 1996 (22. 1 % ± 0.12) were significantly different (p < 
005). 
(c) 'Sheored ' 
Agar was t!x tracted from samples obtained quarterly frol11 per-
manent quadrats llsing the shearing method. Mean agar yields of 
between 21.7-36.6% dry weight were recorded for samples col-
It!ctcd by 'shearing ' the seaweed to a height of ± IOmm (Table 
4), S igni fican tl y more (p < 0.05) agar was yielded in October 
1995 (36.6% ± 0.2) and significantly less (p < 0.05) agar was 
yielded in April 1996 (21.7% ± 0.08). Therefore, there was no 
effect of harvesting on agar yield obtained from samples col-
lected using this harvest ing method. 
No seasonal variati on in agar content was recorded for any of 
the samples analysed above. This is contrary to the findings of 
Carter ( I Q85) who reported a seasonal variation with yie lds 
being hi ghest in summer, corresponding to maximum growth. 
Seasonal variation in agar yield, with yield highest in summer 
has also been reported for other species studied, i.e. Gelidillm 
spino,wlII (S, Gmelin) P. Silva (as C. lattfolium, Mouradi-Giver-
naud el al. I Qc) 2), Graci/aria pseudoverrllcosa (Lahaye & Yaphe 
1988), Graci/aria heleroc!ada (Luhan 1992), Onikusa (Celid-
i llm) p,.;s!oides (Onraet & Robertson 1987). 
In contrast. some authors have reported lower agar yie lds dur-
ing summer months (Bird & Hinson 1992; Oyieke 1993). 
According to Carter (1985), this suggests that seasonal fluctua-
tions in agar yield and growth are influenced by different factors, 
depending on the area and/or spec ies under consider.ation. . 
Agar yie ld from Gelidium abbolfiorum at Reunion Rocks IS 
such that harvesting this seaweed could be commercially viable. 
There was no significant difference between yields of agar 
Table 5 Mean gel strength (g.cm-2 ± SE) of agar from 
Gelidium abbottiorum from KwaZulu-Natal. Gel strength 
of the 'standard' was recorded as 529.5 g.cm·2 
Oat~ Biomass samples Plucked samples She~red samples 
July 1995 194.3:1; 45 .46 194.3 ± 45.46 194.3 ± 45.46 
October 1(1)5 128. 3 ± 44.26 201.6 ± 11.52 138. 1 ± 5.81 
J ;,mUilJ')' 1996 189.1 ±7. 18 242.5 ± 14.72 29 1.2± 3.58 
April 1(1)6 277.3 ± 4.47 249.8 ± 25.83 175 .9± 12.64 
July 1996 115.1 ±9.08 64.9 ± 6 ,~3 126.2 ± 0.77 
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whichever method of collection was employed. However, shear-
ing is a more time-consuming method of harvesting and results 
in a lower biomass. Therefore, harvesters preferably employ the 
hand-plucking method over the shearing method (Santos 19(3). 
(ii) Gelqualily 
(a) Gel strength 
Gel strength was measured for both the agar extracted from 
Gelidilllll collected in the fi eld and the commercially purchased 
Agar-agar ('standard '). Mean gel strength was recorded as 529.5 
g.cm-2 for the 'standard ' (alkali pre-treated, therefore having a 
low relative yie ld, but a relatively higher gel strength). The lIlean 
gel strength of agar from G. (lhbolfi()rllJII from K w(lZuiu·Natal 
was between 64.9- 291.2 g.cm·2 (Table 5) . 
(i) Biomass 
The mean gel strength for agar (Table 5) from samples collected 
for biomass assessment of G. t'ihholliorum was significantly 
higher (p < 0.05) in April 1996 (277.3 ± 4.47 g.cm-') than in 
October 1995 (128.3 ± 44.26 g.cn,-') and July 1996 (115.1 ± 9.08 
g.cm-'). 
(ii) 'Pluck ' 
The mean gel strength of agar (Table 5) from samples collected 
from quadrats that were repeatedly plucked was sign ificantly 
lower (p < 0.05) in July 1996 (64.9 ± 6.53 g.cm-2) than at any 
other sampling time. 
(iii) 'Shear ' 
The mean gel strength o f agar (Table 5) from samples collected 
from quadrats that were repeatedly sheared was significantl y 
higher (p < 0.05) in July 1995 ( 194.3 ± 45.46 g.cn,-') than in 
October 1995 ( 138 . 1 ± 5.81 g.cm·'), April 1996 ( 175.9 ± 12.64 
g.cm-') and July 1996 ( 126.2 ± 0.77 g.cn,-'). 
No seasonal variation was recorded in gel strength of agar. A 
number of authors have reported seasonal variations in gel 
strength from various red seaweed species (Onraet & Robertson 
1987; Hurtado-Ponce & Umezaki 1988; Bird & Hinson 1992; 
Luhan 1992; Mouradi-Givernaud el ,,/. 1992; Yengiul 1993). 
Generally, gel strength is the most important qualily parameter 
of agar and is used to distinguish between the strong, brittle gels 
which have biotechnological applications. and the soft, elastic 
gels which are used in the food industry (Onraet & Robertson 
1987). Therefore, in terms of gel strength, the agar from Reunion 
Rocks is not a good bacteriological source of agar since the gel 
of all agars considered in this study is so ft and elastic, but could 
be a source of agar for the food industry. 
(b) Gelling temperature 
Mean gelling temperature for the 'standard ' was recorded to be 
Table 6 Mean gelling temperature CC ± SE) of agar 
from Gelidium abbottiorum from KwaZulu-Natal. Gelling 
temperature of 'standard' = 39.0° C ± 0.49 
Date Biomass samples Plu cked samples Sheared samples 
July 1995 34.7 ± 0.6'1 34.7 ± 0.6') 34.7 ± 0.69 
October 1995 28.9 ± 1.10 30.4 ± 0.(,8 30.7 ± 5.S1 
January 1')96 3 1.8±0.75 30.3 ± 0.80 31.8 ± 0.83 
April 1996 31.6 ± 0.30 30.6 ± 0.47 31.3 ± 0.87 
July 1996 30.0 ± 0.47 26.0 ± 0.57 29. 1 ± 0.61 
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Table 7 Mean melting temperature (·C ± SE) of agar 
from Gelidium abbottio(um from KwaZulu-Natal. Melting 
temperature of 'standard' = 79.0· C ± 3.18 
Dale HiOJnass srnnpJes Plucked samples Sheared samples 
July 1995 72.5 -1: 2.10 72.5±2. IO 72.5 ± 2. 10 
Ouobcr 1995 66.5 ± 1.44 71.6 ± 1.85 75.0 ± 3.45 
.I anuar) 11)% 69.0 ± 4.63 71.0±O.81 72.5 ± 3.72 
April [(]l)6 n.2 ± 1.90 77 .1 ± 2.00 72.2 ± 1.94 
July 1996 (Jl}.5 ± 4 77 70.7 ± 3.22 66.0 ± 2,46 
3C).O°C ± 0.49. tvlean values for agar from G. abbofliorum from 
KwaZul u-Nata l ranged between 26.0°C to 34.7°C (Table 6). 
The United States Pharmacopeia standards require agars that 
have a ge ll ing tt:mperature between 32-39°C (H urtado-Ponce & 
Umezaki 1988; see also Armisen 1995). According to this stand-
ard, many agars from vario ll s sources around the world as well as 
that from Reunion Rocks would be rejected as a sole commercial 
source of agar. However, commercial agars are blends of a 
number of agar sources and the agar from G. ahboltiomm from 
Reun ion Rocks could be cons idered as a potential commercia l 
source blended together with other agars. 
(C) Melt ing temperature 
Mc;:sn melting temperatu re for the ' standard ' was recorded as 
79.0°C ± 3.1 8. Mean melt ing temperature for agar from G. 
ahbolliorum from K waZulu-Natal ranged between 66.0Q C and 
75.0· C (Table 7). 
No signifi can t d ifference (p < 0.05) was found for the mean 
melting temperature of agar from samples co llected fo r biomass 
assessment of Ge/idilll1l abholtiorum, samples co llected by 
re peatedly plucking the same area or for samples collected by 
shear ing the same area at each sampling time. Therefore, there 
was no seasonal difference in melt ing temperature for G. abbolt;-
orton from Reunion Rocks, KwaZulu-Natal. Bird and Hinson 
( 1992) reported litt le seasonality for melting temperatures of 
agar from Graci/aria Mod gel/i. Graci/aria likvahiae and Celie/-
hlln pllsillllll1 . Besides this, the re are no reports of seasonal varia-
t ions in melting temperatu re . 
The agar from all samples except that co llected for biomass 
;l ssessment of G. abbot1iorlfJ11 was comparable to the ' standard ' . 
However, the United States Pharmacopeia would reject these 
agars, incl uding the 'standard ', since they require that agars do 
1101 melt below 85·C (Hurtado-Ponce & Umezaki 1988). Mel ti ng 
temperatures of agars fro m around the wor ld most ly sati sfy thi s 
rcquiremt;: l1 t (see Armisen 1995). 
Conclusions 
If Celidhim abbottiol"lllJl is to be exploited at Reunion Rocks, 
KwaZulu-Natal, a management plan geared towards the 
long· term maintenance of thi s resource needs to be formulated. 
Although it has been reported that harvest ing by 'shearing' is a 
possible menlls of preventing harm to the hold fas t and the refore 
increasing productiv ity, th is has proven not to be the case (Carte r 
1986). 'S hearing' is more time consuming and therefore more 
expensive since a greater labour force would be required for har-
vest ing. It is suggested that if Gelidium abbolliorum is harvested 
at Reunion Rocks, it shou ld be by the ' plucking' method (Le. 
grabbing the seaweed by hand and pulling it off the rock) since 
thi s method is the most cost-effi c ient in te rms of time and money 
spent on labo ur. 
S. Ali'. J . Bot. 1997,63(6 ) 
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